###### Strengths and limitations of this study

-   The Heart Attack Prevention Program for You (HAPPY) Hearts screening protocol involves a battery of tests all involving aspects of cardiovascular disease risk. Having an array of tests will allow for the use of statistical analyses to assess different combinations of these tests in an attempt to improve the sensitivity and specificity of the HAPPY Hearts screening protocol.

-   This study design utilises a convenience sample recruitment strategy, which comes with the inherent bias that the sample is unlikely to be representative of the overall population. The participants of this study, having actively chosen to participate in this study, are likely health consumers.

-   As the Framingham Risk Score is considered standard of care, if participants have a primary healthcare provider, the natural history of their cardiovascular disease risk may be influenced by lipid lowering therapy, antiplatelets and other therapies meant to improve cardiovascular health.

Introduction {#s1}
============

Every 7 min in Canada, there is a death due to heart disease or stroke.[@R1] Up to 80% of cardiovascular disease (CVD) could be prevented by identifying and controlling for modifiable biological risk factors such as hypertension, high cholesterol and diabetes, and behavioural risk factors such as physical inactivity, an unhealthy diet, and smoking.[@R2] Efforts to identify individuals at a higher risk for adverse cardiovascular events, such as the Framingham Disease Risk (FDR) score,[@R3] focus on traditional risk factors, including age, sex, smoking status, blood pressure and cholesterol.[@R4] While this approach does estimate 10-year risk for myocardial infarction (MI),[@R3] it remains suboptimal.[@R5] In fact, a previous study suggests that more than 80% of females evaluated with the FDR were identified as being at low risk or not qualifying for medications known to lower cardiovascular risk before experiencing a MI.[@R7] Therefore, these data warrant the use of cardiovascular screening approaches that are more accurate in identifying the risk of adverse cardiovascular outcomes.

There is a common perception that CVD is a 'man's disease'; however, women tend to develop heart disease approximately 10--15 years later than men, with a prevalence similar between sexes after ≥65 years of age.[@R8] Heart disease is the leading cause of death in women worldwide.[@R9] Women are often under-represented in cardiovascular clinical trials, which is an issue because their clinical presentation and prognosis of CVD differs from that of men.[@R10] In fact, women who suffer an acute MI are more likely to die, have an increased risk of repeat MI, develop heart failure or consequentially suffer sudden cardiac death as compared with men.[@R11] Although improvements in CVD management have led to decreased mortality rates, more women than men have died from causes related to CVD since 1980.[@R11] It is also important to highlight that traditional risk factors assessed by FDR score underestimate the risk of experiencing an adverse cardiovascular event in women as compared with men.[@R12] Thus, it appears that there is a need to refine existing tools or develop innovative screening tools to better detect early stages of CVD risk among women.

The Heart Attack Prevention Program for You (HAPPY) Hearts is a cardiovascular screening programme designed to screen for cardiovascular risk in women. It was adapted from the four-test Rasmussen cardiovascular screening programme,[@R13] which was developed by Cohn and colleagues at the Center for Cardiovascular Disease Prevention, University of Minnesota. The four-test screening approach uses non-invasive procedures to measure structural and functional changes in the large and small arteries, including elasticity of artery walls and blood pressure at rest and in response to 3 min of moderate intensity exercise. Each of the four components of the Rasmussen Disease Score (RDS) are scored from 0 to 2 (0=normal; 1=borderline; 2=abnormal) with a total RDS ranging from 0 to 8. Each participant is categorised based on risk (ie, 0--2=normal; 3--8=abnormal). These non-invasive procedures aim to detect early stages of CVD for individual asymptomatic patients. However, these tests are not yet available in the primary care setting. Moreover, it is not known if this screening approach or other protocols are feasible and have sufficient predictive value within the context of the Canadian healthcare system, where health services are generally delivered by the private sector but funded by payments from provincial health insurance. A more comprehensive version of the RDS, the 10-test RDS, uses a number of other cardiovascular assessments in addition to the four-test approach. While a publication has shown that the 10-test RDS is better than the FDR at identifying individuals at risk for experiencing adverse cardiovascular events within 3--5 years,[@R13] it is unknown whether the four-test RDS is a better predictor of future cardiac events than the FDR in women. It is also unknown if the four-test screening protocol can predict future adverse cardiovascular events in women. Additionally, we will add a total of eight non-invasive tests and questionnaires to the four-test protocol in order to determine if we can improve the sensitivity of the screening protocol. We will refer to the combination of the four-test protocol plus this more extensive screening as the HAPPY Hearts protocol.

The HAPPY Hearts screening protocol is being tested specifically on women as they are often under-represented in cardiovascular clinical trials[@R10] and their risk is underestimated using current screening methods.[@R12] Also, arterial stiffness has been shown to have a much stronger association with mortality in women as compared with men.[@R14] While future phases of the HAPPY Hearts research study also include men, an all-women cohort was established as a proof of concept for the screening model for these reasons.

This prospective, observational study aims to: (1) determine if the HAPPY Hearts cardiovascular screening protocol identifies women 55 years of age and older who are at an elevated risk for experiencing adverse cardiovascular outcomes within a 5-year period after screening and (2) compare the sensitivity and specificity value of the HAPPY Hearts protocol and the FDR for predicting future adverse cardiovascular outcomes in women. We hypothesise that the four-test RDS will provide better diagnostic accuracy in identifying middle-aged and older women at an elevated risk for experiencing adverse cardiovascular outcomes in the 5-year period postscreening, as compared with the FDR, and that the additional measures as part of the overall HAPPY Hearts protocol will further increase this diagnostic accuracy.

Methods and analysis {#s2}
====================

Study design {#s2a}
------------

The Standard Protocol Items: Recommendations for Intervention Trials[@R15] and the Strengthening the Reporting of Observational Studies in Epidemiology[@R16] statements were followed in the development of this manuscript. This study is using a prospective, observational cohort design to determine if the HAPPY Hearts protocol identifies middle-aged and older women who are at a higher risk for experiencing adverse cardiovascular outcomes in the 5-year period after screening ([figure 1](#F1){ref-type="fig"}).

![HAPPY Hearts flow diagram. Participant flow through the HAPPY Hearts protocol. HAPPY, Heart Attack Prevention Program for You.](bmjopen-2017-018249f01){#F1}

Study setting {#s2b}
-------------

The HAPPY Hearts study will be conducted in Winnipeg, Manitoba, Canada, at the St.Boniface Hospital. Study recruitment was initiated in August 2015 and is expected to be completed in April 2017.

Participants and recruitment {#s2c}
----------------------------

One thousand female participants 55 years of age or older will be recruited through a convenience sample method. We used radio interviews on popular local stations as well as presentations at community events related to cardiovascular health to advertise the study to potential participants. Poster advertisements have also been placed in community centres. Individuals interested in participating were instructed to contact the research coordinator by email or telephone. [Box 1](#B1){ref-type="boxed-text"} identifies the inclusion and exclusion criteria of the study. Those with hypertension were invited to participate in the study if their hypertension was being medically managed. Due to their risk profile in regard to performing physical activity, we did not include participants with hypertension that was not being medically managed. If eligible, participants were then invited to come to the I.H. Asper Clinical Research Institute, where they were given both written and verbal information describing the nature of the study. Written informed consent was obtained before enrolment. [Figure 1](#F1){ref-type="fig"} indicates the flow chart of the study. [Table 1](#T1){ref-type="table"} identifies the adverse cardiovascular outcomes that will be included as the primary outcomes of the study. Hypertension will only be used as an outcome for those with no prior diagnosis of hypertension.Box 1Inclusion and exclusion criteria for the Heart Attack Prevention Program for You (HAPPY) hearts prospective, observational cohort studyInclusion criteriaWomen aged 55 years and olderPossess a Manitoba Personal Health Information NumberExclusion criteriaPrevious hospitalisation for:ischaemic heart diseaseacute myocardial infarctionstrokepercutaneous coronary interventioncoronary artery bypass surgerycongestive heart failureperipheral artery disease.Previous diagnosis of hypertension, which is not medically managed.

###### 

Primary outcomes---adverse cardiovascular outcomes

  Adverse cardiovascular outcomes                                                                                               Example ICD codes
  ----------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------
  Ischaemic heart disease                                                                                                       ICD-9-CM codes 410--414 or ICD-10-CA codes I20-I22, I24, I25
  Acute myocardial infarction                                                                                                   ICD-9-CM code 410 or ICD-10-CA code I21
  Stroke                                                                                                                        ICD-9-CM codes 431, 434, 436 or ICD-10-CA codes I61, I63, I64
  Coronary artery bypass surgery                                                                                                ICD-9-CM codes 36.10--36.14 or CCI code 1.IJ.76
  Congestive heart failure                                                                                                      ICD-9-CM code 428 or ICD-10-CA code I50
  Hypertension (*n.b.* this outcome measure will only be used for those participants with no prior diagnosis of hypertension)   ICD-9-CM codes 401--405 or ICD-10-CA codes I10-I13, I15
  Prescription of cardiac and other medications                                                                                 ATC codes

ICD-9-CM, International Classification of Diseases, 9th revision, clinical modification; ICD-10-CA, International Classification of Diseases, 10th revision, Canada.

The HAPPY Hearts protocol {#s2d}
-------------------------

After patient enrolment and consent, the HAPPY Hearts protocol required participants to attend one appointment, which was scheduled for approximately 90 min. The HAPPY Hearts protocol involves the four-test RDS protocol, which consists of four measurements ([table 2](#T2){ref-type="table"}): (1) resting blood pressure, (2) systolic blood pressure response following 3 min of moderate intensity exercise, (3) large artery elasticity assessment and (4) small artery elasticity assessment. For these measurements, the HD/PulseWave CR-2000 Research CardioVascular Profiling System (CV profiler) was used. This device is indicated for use in determining cardiovascular parameters in human subjects for research purposes only. A previous study indicated that intravisit and intervisit measures differed by less than 3% and 4%, respectively, for this device.[@R17] Research staff were trained in the use of the HD/PulseWave CR-2000 Research CardioVascular Profiling System and performed all of the testing. Below each of the measures involved in the HAPPY Hearts protocol are described. A battery of additional validated cardiovascular related testing will be conducted in addition to the previously mentioned tests. Exploratory statistical analyses (described in the Statistical Analysis section) will examine different combinations of these test results integrated with the resting blood pressure, exercise blood pressure response and arterial elasticity results in an attempt to improve the sensitivity and specificity of the HAPPY Hearts screening protocol.

###### 

Framingham Disease Risk Score and HAPPY Hearts protocol comparison

  Framingham disease risk score        HAPPY hearts protocol
  ------------------------------------ ----------------------------------------------
  Sex                                  Resting systolic blood pressure
  Age                                  Systolic blood pressure response to exercise
  Systolic blood pressure              Large artery elasticity
  Treatment for hypertension           Small artery elasticity
  Smoking status                       6 min walking test
  Presence of diabetes                 Fried frailty score
  High-density lipoprotein             CANHEART Health Index
  Total cholesterol                    Additional questionnaires
  Classification (10-year risk %)      Classification (score out of 8)
  Low risk (\<10%)                     Normal risk (0--2)
  Intermediate risk (≥10% and \<20%)   Moderate to high (abnormal) risk (3--8)
  High risk (≥20%)                     

CANHEART, Cardiovascular Health in Ambulatory Care Research Team; HAPPY, Heart Attack Prevention Program for You.

### Test 1: resting blood pressure {#s2d1}

A blood pressure cuff attached to the cardiovascular profiler is placed on the participant's arm while they are in a supine position. A resting blood pressure of less than 120/80 mm Hg is considered normal (0 RDS points), 120--139/80--89 mm Hg is considered prehypertensive (1 RDS point) with the potential for the development of high blood pressure (hypertension). Blood pressure greater than 140/90 mm Hg is considered abnormal for adults (2 RDS points).[@R13] Participants with resting blood pressure measures above 160 mm Hg systolic or 105 mm Hg diastolic have their blood pressure remeasured following 5 min of rest in a supine position. If the blood pressure still exceeded these cut-offs, research assistants contacted a healthcare provider to provide medical clearance before the participant performed physical activity. All participants with resting blood pressure measures in the abnormal range, described above, received a recommendation to speak to their primary healthcare provider regarding their blood pressure.

### Test 2: systolic blood pressure response to exercise {#s2d2}

The magnitude of rise in blood pressure during exercise may be an indication of early risk for developing hypertension, even if the participant's resting blood pressure is normal.[@R18] After the resting blood pressure is assessed, the participant is asked to perform 3 min of moderate exercise on a two-step stool according to the Dundee Step Test[@R19] or on a treadmill for those who are unable to perform the step test. Both of these exercise procedures are performed at a five metabolic equivalent workload. The participant then has their blood pressure measured once again in a supine position immediately following the exercise protocol (within 30 s). A rise in systolic blood pressure of under 30 mm Hg and less than 169 mm Hg absolute blood pressure is considered normal (0 RDS points), a rise of 30--39 mm Hg and an absolute resting blood pressure of 170--179 mm Hg is considered borderline (1 RDS point), and a rise of 40 mm Hg or more and an absolute resting blood pressure of 180 mm Hg or high is considered abnormal (2 RDS points).[@R13] All participants with exercise blood pressure responses in the abnormal range received a recommendation to speak with their primary healthcare provider regarding their blood pressure.

### Tests 3 and 4: large and small artery elasticity {#s2d3}

To measure artery elasticity, a wrist stabiliser is placed on the participant's wrist while they are in a supine position. A piezoelectric transducer, or pulse wave sensor, is then placed on the location of strongest pulsation of the radial artery adjacent to the styloid process. The CV Profiler assesses the diastolic decay and waveform transmitted to it through the sensor. Based on the modified Windkessel model, the instrument can then determine small artery and large artery elasticity. Scoring of normal, borderline and abnormal results for large and small arterial elasticity are based on age and sex cut-offs.[@R13] For females under 65 years, a large artery elasticity of 10 mL/mm Hg ×10 or greater would be normal (0 RDS points), a value from 9 to 9.9 mL/mm Hg ×10 would be considered borderline (1 RDS point) and any value below 9 mL/mm Hg ×10 is considered abnormal (2 RDS points). The small artery elasticity cut-offs for this age group are 4 mL/mm Hg ×100 and higher for normal (0 RDS points), 3.5--3.9 mL/mm Hg ×100 for borderline (1 RDS point) and under 3.5 mL/mm Hg ×100 for abnormal (2 RDS points). Females over the age of 65 years have lower cut-offs for both large and small artery elasticity compared with the younger age category described above. Normal large artery elasticity values are 9 mL/mm Hg ×10 or higher (0 RDS points), borderline values are 8--8.9 mL/mm Hg ×10 (1 RDS point) and abnormal values are under 8 mL/mm Hg ×10 (2 RDS points). Normal small artery elasticity values are 3 mL/mm Hg ×100 or higher (0 RDS points), borderline values are 2.5--2.9 mL/mm Hg ×100 (1 RDS point) and abnormal values are under 2.5 mL/mm Hg ×100 (2 RDS points).

Scoring the four-test RDS protocol {#s2e}
----------------------------------

Each of the tests in the four-test RDS are scored as 0 for normal, 1 for borderline abnormal and 2 for abnormal.[@R13] Total scores range from 0 to 8 and are used to stratify individuals into one of two risk groups: 0--2=normal risk and ≥3=moderate to high (abnormal) risk. These cut-off values have been determined through the analysis of data collected from patients of Cohn Prevention Centre licensors.

Assessment of the Framingham risk score {#s2f}
---------------------------------------

FDR is determined based on the calculations described by D'Agostino *et al*.[@R3] Information required for this calculation is acquired from a participant questionnaire, fasting blood sampling of high density lipoprotein and total cholesterol and the resting blood pressure reading from the CV Profiler ([table 2](#T2){ref-type="table"}). Participants are asked to fast for the 12 hours prior to the blood draw at their appointment. Approximately 10 mL of blood is collected by a phlebotomist. The samples are then centrifuged so that the plasma can be separated and analysed for total cholesterol, high-density lipoprotein, low-density lipoprotein, triglycerides and fasting glucose. These variables are analysed using the cut-off values in the 2012 Canadian Cardiovascular Society/Canadian guidelines for the diagnosis and treatment of dyslipidaemia and prevention of CVD in the adult.[@R20] Following analysis, any participants with values in the abnormal range were recommended to speak to their primary healthcare provider regarding those values.

Assessment of the 2013 American College of Cardiology (ACC)/American Heart Association (AHA) risk score {#s2g}
-------------------------------------------------------------------------------------------------------

In 2013, the ACC and the AHA created a joint Guideline on the Assessment of Cardiovascular Risk task force to develop an updated multivariable risk equation for the prediction of 10-year atherosclerotic CVD risk in non-Hispanic men and women from 40 to 79 years with no prior history of atherosclerotic CVD. This updated risk calculator, as described by Goff *et al*,[@R21] was created by pooling data from prior analyses and includes the same factors as the FRS with the addition of a race option between other and African-American. As this risk score includes the same factors as the FDR, we are able to acquire the necessary information to calculate this score in the same methods. This score will also be compared with the HAPPY Hearts protocol for its ability to identify individuals at risk for experiencing an adverse cardiovascular event within 3--5 years.

Exploratory testing {#s2h}
-------------------

The following tests will be added to the four-test RDS in an attempt to improve the sensitivity and specificity of the overall HAPPY Hearts screening protocol.

### Questionnaires {#s2h1}

Participants are instructed to fill out a series of questionnaires:Physical activity behaviour is assessed using the International Physical Activity Questionnaire (IPAQ) short version.[@R22] This questionnaire measures the amount and intensity of physical activity completed by an individual. Physical activity has been associated with a reduction in CVD incidence and mortality.[@R23] The IPAQ has been used to improve CVD risk scores in previous literature.[@R24]The Cardiovascular Health in Ambulatory Care Research Team (CANHEART) Health Index[@R25] is used to assess cardiovascular health behaviour and disease risk based on self-reported physical activity (from the IPAQ short version), smoking status, fruit and vegetable consumption, body mass index, as well as presence of diabetes and high blood pressure.Stage of change for health behaviours and stages of change specifically related to physical activity are assessed using the Transtheoretical Model of Change[@R26] and the Physical Activity Stages of Change questionnaires,[@R27] respectively. The utility of models of behaviour change have been discussed in populations with chronic disease as they can assist with the effective implementation of patient-centred interventions.[@R28]Quality of life is assessed using the EuroQol Five Dimension Five Level questionnaire.[@R29] This quality of life questionnaire has been validated for use as an outcome measure in populations with CVD.[@R30]Presence and severity of depressive symptoms are assessed using the Patient Health Questionnaire-9 (PHQ-9).[@R31] Depression has been indicated as a risk factor for CVD.[@R32] Participants with total PHQ-9 scores in the severe depression range (\>20) or responses indicating thoughts of self-harm on the last question of the PHQ-9 are immediately referred to a healthcare provider at their appointment for assessment. The healthcare provider also discussed resources available for those with depressive symptoms. If no healthcare provider was immediately available, participants are escorted to the emergency room at the St. Boniface Hospital to receive assessment. Any participants with a total PHQ-9 score considered moderately severe depression (10--14) or higher receive a recommendation to speak to their primary healthcare provider.

### Fried frailty phenotype {#s2h2}

A phenotype of frailty was assessed using the Modified Fried Criteria as previously described by Fried *et al*.[@R33] Briefly, the Fried score classifies participants as frail if three or more of the following criteria are met: (1) unintentional weight loss, (2) self-reported exhaustion, (3) weakness, (4) slow walking speed and (5) low physical activity. Exhaustion is assessed by the Center for Epidemiologic Studies -- Depression Scale.[@R34] Physical activity levels are assessed by the Paffenbarger Physical Activity Scale.[@R35] Unintentional weight loss is determined via a questionnaire, while the weakness and slow walking speed are assessed using a grip strength dynamometer[@R36] and a 5 m gait speed test,[@R37] respectively. Frailty increases one's susceptibility to physiological stressors and has been shown to increase risk of cardiovascular morbidity and mortality in cohorts at risk for CVD.[@R38]

### 6 min walking test {#s2h3}

Participants are instructed to walk as many lengths of a 30 m track as possible during the 6 min duration. Distance covered during the test is recorded. A study by Beatty *et al*[@R39] showed the prognostic value of the 6 min walking test for predicting cardiovascular events in patients with stable coronary heart disease.

Adverse cardiovascular outcomes: 5-year follow-up {#s2i}
-------------------------------------------------

On completion of the HAPPY Hearts Protocol, each individual's Personal Health Information Number will be used to follow the study participants and to determine if they experienced an adverse cardiovascular outcome, as defined in [table 1](#T1){ref-type="table"}, using the Manitoba Centre for Health Policy (MCHP) Population Health Research Data Repository. International Classification of Diseases codes, as recommended by the MCHP, will be used to identify the outcomes listed in [table 1](#T1){ref-type="table"}. This linkage will be done at Manitoba Health, which will provide MCHP with the correct scrambled identifiers needed to follow-up all participants. MCHP data will be accessed through a number of different databases listed in [table 3](#T3){ref-type="table"}. Hospital separations abstracts, medical claims and the Drug Program Information Network will be examined to provide information on hospitalisations for cardiac diseases, cardiac procedures performed, cardiac-related and other medications used and diagnoses with cardiac diseases. This information will help examine the diagnostic accuracy of the four-test RDS, the 2013 ACC/AHA risk score and the overall HAPPY Hearts protocol versus the FDR. Vital statistics will also provide information on cause of death to allow for mortality rate tracking. This administrative health data will be used to compare adverse cardiovascular events with the HAPPY Hearts protocol results to determine if this cardiovascular screening approach predicted which individuals were at moderate to high risk of an adverse cardiovascular outcome over the 5-year period after screening. Our rationale to access all follow-up health information from the Repository at the MCHP is to obtain the most accurate information on healthcare service utilisation, adverse cardiovascular events, demographics and so on. This method is much simpler, more complete and less invasive than repeated contact with participants.

###### 

Manitoba Centre for Health Policy data acquisition

  Database                              Data fields/variables                                                   Rationale
  ------------------------------------- ----------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------
  Hospital Separations Abstracts        Hospitalisation for cardiac diseases and cardiac procedures performed   Capture adverse cardiac events to test diagnostic accuracy of the Rasmussen Disease Score versus the Framingham Disease Risk Calculator.
  Medical claims (Physician billings)   Diagnoses with cardiac diseases and procedures performed                Track adverse cardiovascular events
  Other: vital statistics               Cause of death                                                          Track mortality rates
  Drug program information network      Cardiac and other medications used                                      Track the purchases of cardiovascular medications

Data management {#s2j}
---------------

An electronic database will be used for organisation of clinical data and data analyses, which will be under the security of the St. Boniface General Hospital network. Hard copy data that contain participant identifiers will be filed in a lockable filing cabinet at the St. Boniface Hospital Albrechtsen Research Centre under the responsibility of the principal investigator and research staff. Blood samples are stored in a locked freezer in the I.H. Asper Clinical Research Institute. Only persons identified as research staff will have access to the blood samples. The St. Boniface Hospital Albrechtsen Research Centre and the I.H. Asper Clinical Research Institute are both under surveillance 24 hours a day and have at least one security guard on duty at all times. Patient identifiers will be removed during data analysis, and all medical records that contain participant identities are treated as confidential in accordance with the Personal Health Information Act of Manitoba. All study documents related to the participants will only include an assigned participant code. Blood samples will be coded with a unique participant ID number in the same way. Only research staff will have access to linkable information and will be kept confidential by law. The follow-up analyses to be conducted at MCHP will be done in accordance with MCHP's extensive security and privacy policies.[@R40] The maximum length of time that the project data would be required is until 2027, and a request for future data will be submitted as needed. After the completion of the study, research data will be kept for a maximum of 10 years and then destroyed.

Statistical analysis {#s2k}
--------------------

Rates of expected adverse health outcomes in the HAPPY Hearts cohort were calculated using age and sex stratified Manitoban data from two published reports, namely Sex Differences in Health Status, Health Care Use, and Quality of Care: A Population-Based Analysis for Manitoba's Regional Health Authorities[@R41] and age stratified Canadian data from the Chronic Disease and Injury Indicator Framework.[@R42] Information from these documents were used to calculate incident rates of the adverse health outcomes listed in [table 1](#T1){ref-type="table"} based on the expected age of participants within the sample population. In some cases, incident rates were not directly available in the reports and, therefore, were estimated using reported prevalence data. Based on this calculation, we predict a total of 187--241 adverse health outcomes in the HAPPY Hearts cohort. This estimate is based on the following rates of adverse health outcomes: 14--29 incidents of ischaemic heart disease; 1--4 incidents of acute MI; 3--16 incidents of stroke; 1 incident of coronary artery bypass graft; 6 incidents of congestive heart failure; 79 new prescriptions for cardiac medications (ACE inhibitors and statins); and 83--102 new diagnoses of hypertension. Comparative predictability between the four-test RDS, overall HAPPY Hearts protocol, 2013 ACC/AHA risk score and FDR protocols will be assessed using survival analysis techniques, such as Kaplan-Meier methods or a Cox proportional hazards model, and calculating c-statistics. Model discrimination will be assessed using techniques like receiver operating characteristic curves and integrated discrimination improvement. Net Reclassification Improvement will be used to assess change in risk category for participants between the RDS, ACC/AHA risk score and FDR screening protocols. Based on work done by Harrell *et al*[@R43] and validated by Peduzzi *et al*[@R44] suggesting that there should be at least 10 outcome events per variable in the model, we will conservatively be able to use 10 variables in our model. Distribution and end results may dictate analyses used. In order to compare the HAPPY Hearts screening method to the FDR and the 2013 ACC/AHA risk score, our first analysis model will not include incident hypertension, as these screening methods do not include this outcome. We will add incident hypertension to the composite outcome in a second model. While traditional models do not include this measure, the HAPPY Hearts protocol includes measures that have been demonstrated to identify subjects at increased risk of future incidence of hypertension.[@R45]

Ethics {#s3}
======

Any amendments, where necessary, will be submitted for review and approval prior to implementation. Study status will be reported annually. A final study notification will be forwarded at completion of the study or in the event of early termination to the University of Manitoba Health Research Ethics Board. The tenets of Good Clinical Practice will also be followed. Subjects are free to withdraw from the study at any time without affecting their right to medical care.

End of study {#s3a}
------------

The study recruitment will end when 1000 participants have been enrolled. Adverse cardiovascular event data will then be analysed 5 years after the final participant was screened using the MCHP Population Health Research Data Repository.

Study oversight {#s3b}
---------------

The HAPPY Hearts research team at the St. Boniface Hospital Albrechtsen Research Centre will be responsible for all facets of the study including the design, ongoing management, ethical conduct, statistical analysis and dissemination of the results.

Dissemination {#s4}
=============

The anonymised information gathered from the data collection process will be summarised (eg, means±SD), disseminated into a report and shared with the St. Boniface Hospital Foundation, investigators of the study and stakeholders involved in this study. The information will be presented at conferences or published in peer-reviewed journals. Neither participants' names nor contact information will appear in any publications stemming from this research.

Study status {#s5}
============

Recruitment for the HAPPY Hearts study began in August 2015. As of 25 May 2016, 500 participants have been recruited to the HAPPY Hearts study. Recruitment completion is expected to be in October 2017.
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